Vowel reduction has been studied for years. It is a universal phenomenon that reduces the distinction of vowels in informal speech and unstressed syllables. How consonants behave in situations where vowels are reduced is much less well known. in this paper we compare durational and spectral data (for both intervocalic consonants and vowels) segmented from read speech with otherwise identical segments from spontaneous speech. On a global level, it shows that consonants reduce like vowels when the speaking style becomes informal. On a more detailed level there are differences related to the rype of the consonant.
INTRODUCTION
Vowel reduction is a well-established phenomenon that has found its place in phonetics textbooks [3,9]. Briefly summarized, vowels are pronounced more "sloppily" and with less distinction when speaking style is informal, or when the vowels are part of unstressed syllables. Essentially, vowels become more centralized andor more like the phonemes that surround them. Although t h m is an ongoing debate about the details, vowel reduction is generally considered to be a universal phenomenon of speech [14] .
There have been studies that investigated acoustic and articulatory consonant reduction in relation to the corresponding vowel reduction, but these were generally limited to only a few classes of consonants, with only limited spcech material, e.g. [l, 4,5,6, 111. From these studies it is difficult to discem the general effects of consonant reduction in "normal" speech situations.
To sNdy how consonants reduce acoustically, we decided to contrast speech from reading aloud with that of "spontaneous" story telling. It is known that vowels spoken informally or spontaneously are severely reduced with respect to vowels that are read aloud from text. Consonant reduction too can be expected to show itself when infoxmal speech is compared with read speech.
At the moment, any understanding of the way reduction affects the spectro-temporal structure of consonants and the way it influences consonant identification is seriously lacking. Therefore, it is difficult to point to specific features of articulation where reduction will affect the phonemic distinction of consonants. In this paper, we will limit ourselves to an inventory of consonant acoustics that parallel the vowel characteristics that are affected by 5 1 Nasal V-like 
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AND METHODS
For this study we used speech material of an experienced newscaster who first told some stories and anecdotes to an interviewer (who he knew quite well). This speech was transliterated and after some time he was asked to read the transcription. This way, we obtained 2 times 20 minutes of speech (spontaneous and read). The whole orthographic script was transcribed to phonetic symbols by the Grapheme-to-Phoneme conversion module of an experimental speech synthesizer developed at the Department of Phonetics at the University of Nijmegen. One of the authors checked the transcription and marked words for sentence accent by listening. All speech was sampled with 16 bit precision and 48 kHz sampling rate.
From the phonetic transcription, all Vowel-Consonant-Vowel (VCV) segments were located in the speech recordings (also those crossing word boundaries). 1847 VCV pairs had both realizations originating from corresponding positions in the utterances with identical syllable structure, syllable boundary type, and sentence and word stress. Of these VCV-pairs, 791 have been analyzed in detail for this paper (see table 1 and 2) and will be used here to study consonant reduction in more detail.
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Duration
Duration is one of the strongest correlates of vowel reduction [14.
151. As is to be expected, there is a decrease in vowel duration in the spontaneous members of each pair (figure 3, p l e d values, see also [7] ). The consonunf realizations too are shorter in spontaneous speech (figure 3, C, pooled values). This holds for all individual consonantal categories (not all statistically significant, see figure  31 , except for the vowel-like consonants where duration secms to remain constant or to increase slightly (not significant).
Both vowels and consonants become shorter when spoken spontaneously. Furthermore, they become shorter by the same amount. The relative duration of consonants in the VCV segments, i.e., as a fraction of the total, does not change when speaking style changes (not shown).
Center of Gravity
The center of gravity of a spectrum (COG) is in sense, the can" frequency. It is calculated by dividing fi-E(f).df by $(f)-df. For sonorants, the COG is related to the spectral slope, the steeper the slope, the lower the COG. The steepness of the spectral slope. in its tum, is determined by the steepness of the glottal pulse which is a measure of speech effort. For turbulent noise, the COG is determine by the size of the quotient of (air flow speed) / (constriction area) which again is determined by speech effort. . Qrute low COG frequencies are found for sonorants (vowels and consonants) with vowels having higher values than nasals and vowel-like consonants. For the latter, the COG is dominated by the damping of the higher frequencies due to their closed articulation.
Intervocalic sound energy difference
One of the most salient differences between vowels and consonants is in their respective sound energy level. Vowels 
DlsCUSSION
Four correlates of reduction have been studied for consonants with respect to speaking style: 1) F2 slope differences, 2) Duration, 3)
Center of Gravity, and 4) Intervocalic sound energy difference.
The generally lower F2 slope differences in spontaneous speech indicate a decrease of coarticulation strength. This is equivalent to the spectral effect of articulatory reduction found in vowel space.
In spontaneous speech, consonant realizations shorten like vowels.
The decrease in duration of consonants is such that the relative duration, as a fraction of total VCV segment duration, remains unchanged (not shown). Therefore, the change in duration seems to be a "global" feature of a change in speaking style. itaneous speech, the nasal consonants 'Weaken" somewhat :han the neighbouring vowels whereas other consonants :n" somewhat less than the vowels (figure 6).
CONCLUSIONS
spoken in a more informal style, consonant realizations ,eduction in terms of diminishing articulatory precision and effort. Funherrnore, consonant reduction resembles vowel ion in both type and extent of the changes in the produced ,. Details of the spectral and sound energy level changes in ants due to speaking style depend on the type of phoneme.
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